An efficient three component synthesis of highly functionalized 4-methyl-1H-quinolin-2-ones in one-pot from readily available coumarin, hydrazine and isatin catalyzed by a recyclable and moisture compatible InCl3 under microwave irradiation has been developed. The synthesis involves a InCl3 catalyzed dehydrative nucleophilic substitution on the lactone moiety of coumarin by the isatin hydrazone resulting in the formation of N-substituted lactams, 6-substituted-4-methyl-1-(2-oxo-1,2-dihydroindol-3-ylidenamino)-1H-quinolin-2-ones.
Introduction
The presence of a quinoline nucleus in the frame work of various pharmacologically active compounds with antiasthmatic, 1 antibacterial, 2 antifungal, 3 antimalarial, 4 antiviral, 5 antiinflammatory 6 activities continue to promote their synthetic efforts. In addition, quinolines are valuable synthons used for the preparation of nano-and meso structures with enhanced electronic and photonic properties. 7 A series of compounds derived from 8-hydroxyquinolines and styryl quinoline were recently synthesized as potential HIV-1 integrase inhibitors. 8, 9 Similarly, isatin β-thiosemicarbazone derivatives were found to demonstrate a range of antiviral activities against Maloney leukemia virus, vaccinia virus [10] [11] [12] [13] and inhibit HIV-1 replication. 14 Furthermore, isatin derivatives were also found to show antiviral activity against HIV-2 and HIV-3 in MT-4 cells. 15 Because of these biodynamic properties associated with quinolin-2-one and isatin, quinolin-2-ones incorporating an isatin moiety appear to be attractive scaffolds to provide a chemical diverse drug like library. The classical synthetic protocols for quinolin-2-one derivatives which suffer from disadvantages such as low yields, lack of easy availability/preparation of reagents, prolonged reaction time, multistep procedures, harsh reaction conditions etc. has increased our interest in making an effort for the development of environmentally benign and more atom economical simple protocols for the synthesis of 1H-quinolin-2-one derivatives.
The development and applications of catalytic reactions is nowadays worldwide documented and discussed. In recent years there has been a phenomenal increase in the use of catalysts in synthesis of pharmacologically important organic compounds especially heterocycles. Recently, indium (III) chloride has emerged as a powerful Lewis acid catalyst imparting high chemo-and regioselectivity in various transformations. 16 The versatility of indium (III) chloride because of its non-toxic nature, recyclability, readily availability, high selectivity 17 and moisture compatibility 18 encouraged us to carry out a coumarin based transformation into 1H-quinolin-2-ones in the presence of hydrazine under benign reaction conditions.
Multi component reactions (MCRs) are powerful synthetic tools which have changed the landscape of organic and medicinal chemistry due to their environment friendliness, atom economy and their ability to generate large library of compounds.
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Recent years have also witnessed a phenomenal growth in the application of microwave activation in organic synthesis. 20 The application of microwave activation in conjugation with metal halide catalysts in one-pot multi-component reactions provides an environmentally benign process associated with higher yield of products, mild reaction conditions, a significant reduction in reaction time, an enhanced reaction rate, all of which are additional eco-friendly attributes in the context of green chemistry.
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As part of our program to develop new, simple, efficient, clean, selective, environmentally benign methodologies for the synthesis of potential bioactive heterocycles we report here the catalytic activity of InCl3 in a one-pot three-component efficient and clean synthesis of 1H-quinolin-2-one from coumarin in the presence of hydrazine 22 (Scheme 1).
Result and Discussion
We have reported here a novel one-pot strategy for the synthesis of, hitherto, unknown highly substituted 1H-quinolin-2-one derivatives based on the MCR of isatin, hydrazine, and coumarins under microwave irradiation in the presence of 10 mol% of InCl3 using ethanol as a solvent (Scheme 1). The usual work-up gave the corresponding 1H-quinolin-2-ones in excellent yields.
Scheme 1.
InCl3 catalyzed microwave assisted one-pot synthesis of quinolinones.
To generalize this reaction we have reacted various substituted isatin and coumarin derivatives and isolated the corresponding 1H-quinolin-2-ones in 80-90% yield (Table 1) . In all cases the reaction proceeded smoothly in the presence of InCl3. When InCl3 was recycled and reused the yield of the products were almost same indicating that there is no drop in activity of the InCl3. The results obtained from InCl3 catalyzed microwave assisted synthesis of substituted 1H-quinolin-2-one derivatives in a one-pot process are summarized in Table 1 . The reaction proceeded quantitatively in ethanol. When other solvents like THF, acetic acid were employed or when no solvent was used result obtained were disappointing and reactant itself was recovered. InCl3 gave better yields as compared to other Lewis acid, such as SnCl4, FeCl3, and CuCl2. This was studied by varying four Lewis acids and kept all the condition same as mentioned in experiment section. The yields obtained in four different experiments were shown in Table 2 . This supports that InCl3 is much better Lewis acid for this reaction. The synthesis of highly functionalized 4-methyl-1H-quinolin-2-ones in a one-pot reaction has been developed and it was found that the envisaged three-component synthesis (Scheme 1) was successful. Experiments were completed within 4-6 min. as monitored by TLC showing the disappearance of the starting materials. To ascertain whether the MW and InCl3 combination truly improved the yield or simply increased conversion rates, we performed a comparative experiment in the absence of the catalyst InCl3. It was found that the products were obtained only in 40-50% yield, confirming the functional role of InCl3 as the catalyst. The rate enhancement can be rationalized on the basis of the formation of a dipolar activated complex II in these reactions (Scheme 2) and the greater stabilization of the dipolar activated complex by dipole-dipole interactions with the the heterocyclic ring as well as signals in the region δ 25 for the -CH3 carbons supported the formation of 4a-l.
The possible mechanism for the formation of products 4a-l is illustrated in Scheme 2. The intermediate I resulting from the initial condensation of the isatin 3 with hydrazine hydrate 2, followed by nucleophilic substitution on the lactone moiety of the coumarin resulted in the final product 4a-l. This nucleophilic substitution was catalyzed by InCl3 which enhances the electrophilicity of the carbonyl group of the lactone moiety of the coumarin. The nucleophilic substitution was followed by dehydration under the reaction conditions.
Conclusions
In conclusion, we have developed an unprecedented, original three-component, one-pot approach for the synthesis of highly substituted 1H-quinolin-2-one derivatives under microwave irradiation using InCl3 as a catalyst. The experimental simplicity, high yield of products, recyclability of the InCl3 catalyst, and the short reaction times associated with the method presented here for the synthesis of the hitherto unknown 1H-quinolin-2-one derivatives renders it to be of broad interest for synthetic and medicinal chemistry and can be applied for the synthesis of other related compounds.
Experimental Section
General. All chemicals used were of reagent grade and used as received without further purification. Melting points were determined in an open glass capillary method and are uncorrected. A laboratory microwave oven BP-310 was used for the syntheses.
1 H-NMR spectra were recorded at 400 MHz and 13 C-NMR Spectra at 100 MHz on a Bruker Avance DPX FT spectrometer in CDCl3 using TMS as an internal reference. Mass spectra were determined on a JEOL SX-102 (FAB) mass spectrometer at 70 eV. Elemental analysis was carried out using a Coleman automatic C, H and N analyser. The progress of the reaction was monitored by TLC (Merk silica gel).
Typical procedure for the synthesis of 1H-quinolin-2-ones
A mixture of 4-methyl-coumarin 1 (4 mmol), hydrazine hydrate 2 (6 mmol), isatin 3 (4 mmol) and 10 mol % of InCl3 were added to ethanol (20 ml). The reaction mixture was stirred well for 5 min. After that the reaction mixture was subjected to microwave irradiation at 60 °C for the time given in the Table 1 and the progress of the reaction was monitored by TLC. After the completion of the reaction, the reaction mixture is cooled to room temperature and washed with cold ethanol. The product was dried and purified by column chromatography (ethyl acetate:nhexane 2:8 ). -4-methyl-1-(2-oxo-1,2-dihydro-indol-3-ylideneamino)-1H-quinolin-2-one (4a) . 1 Hydroxy-4-methyl-1-(2-oxo-1,2-dihydro-indol-3-ylideneamino)-1H-quinolin-2-one (4b) . 1 Hydroxy-4-methyl-1-(5-methyl-2-oxo-1,2-dihydro-indol-3-ylideneamino) 
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